1. Introduction
===============

1.1. Interprofessionality and Patient Safety
--------------------------------------------

Poor communication is a major cause of losses in the health care system \[[@R1]\]. Many errors along with ineffective use of resources are based on a lack of cooperation, poor coordination \[[@R2]\] and communication, e.g. in the medication of patients \[[@R3]\]. These benefit demonstrably from improved interprofessional cooperation and coordination of involved staff in the health care system \[[@R4]\], \[[@R5]\], \[[@R6]\], \[[@R7]\], \[[@R8]\], \[[@R9]\]. Thus interprofessional collaboration (IPC) can result in improved clinical outcomes and increased patient safety \[[@R8]\], \[[@R9]\], \[[@R10]\].

IPC in health care is a process in which different occupational groups work together to achieve common goals, such as safe, efficient and effective care \[[@R11]\], \[[@R12]\], \[[@R13]\]. Interprofessional Education (IPE) is regarded as an important basis for good team cooperation \[[@R14]\], \[[@R15]\], \[[@R16]\]. Early interprofessional experiences during training lead to a greater willingness to become an active member of an interprofessional team later on in the workplace \[[@R17]\]. By engaging with the self-understanding of other professions, mutual appreciation can be achieved through a joint learning process. The socialization process of the students, the perception of their own role in an interprofessional working environment, can thus be promoted \[[@R18]\]. The basis for this is the Allport's Contact Hypothesis \[[@R14]\], \[[@R19]\], \[[@R20]\], \[[@R21]\] according to which stereotypical opinions about other professions can be overcome by early contact, for example as part of joint training \[[@R18]\].

Subjects with clinical relevance for patient safety, with direct practical relevance and large overlaps for the participating professions are suitable for interprofessional learning and work \[[@R22]\]. Accordingly the topic of malnutrition was chosen for the present study. So far, little data is available on the effects of interprofessional education on measurable outcomes for patients \[[@R23]\], \[[@R24]\].

### 1.2. Malnutrition

Despite its frequency, malnutrition is underestimated in its importance for morbidity and mortality \[[@R25]\]. Amongst the elderly in hospitals or nursing homes, the prevalence is 15-60% \[[@R25]\], \[[@R26]\]. Other surveys show a prevalence of 10-50% in hospitalized patients regardless of age \[[@R27]\], \[[@R28]\], \[[@R29]\]. Malnutrition occurs with inadequate food intake, increased demand, limited absorption, and altered nutrient use \[[@R26]\]. It constitutes a subacute or chronic condition that predisposes patients to disease, hampers recovery, and worsens clinical outcomes in terms of morbidity and mortality \[[@R28]\], \[[@R30]\], \[[@R31]\], \[[@R32]\]. Malnourished patients have longer hospital stays and an increased need for care and associated higher costs \[[@R28]\], \[[@R33]\]. Despite the importance of nutritional status in hospitalized patients, establishing the nutritional status is often neglected \[[@R28]\]. In order to ensure patient safety, the emphasis should be shifted from the treatment of a disease to the prevention of its manifestation \[[@R9]\]. This also applies to in-patient nutrition management. Interprofessional nutrition management can improve patient safety and clinical outcomes \[[@R9]\] by sharing tasks and responsibility \[[@R2]\].

### 1.3. Hypothesis

The aim of the present study was to investigate to what extent the student work results from an interprofessional teaching project (using the method of research-oriented learning) at a selected internal medicine ward of the University Hospital Düsseldorf (UKD) lead to a change in in-patient nutrition management. The hypothesis was that student feedback leads to an improved detection and documentation of malnutrition and thus serves as a basis for increased patient safety.

2. Methodology
==============

In order to demonstrate the effects of the unit on in-patient nutrition management, a prospective, hypothesis-testing cohort intervention study was conducted at an internal medicine ward of the UKD. It consisted of a three month pre-interventional and a four month post-interventional analysis of the nutritional status of patients and an analysis of the current state of interprofessional nutrition management. The time line is shown in figure 1 [(Fig. 1)](#F1){ref-type="fig"}.

2.1. Interprofessional Teaching and Learning Unit
-------------------------------------------------

### Concept of the Teaching and Learning Unit

In 2016 teachers and students of medicine, nursing and health sciences jointly developed the course "Interprofessional nutrition management in inpatient and outpatient care -- *Stop Malnutrition!*". The teaching and learning unit lasts 30 semester hours and is a compulsory optional subject in the medical curriculum of the Medical Faculty of the Heinrich Heine University of Düsseldorf (HHU) and part of the the compulsory curriculum in the bachelor's degree program in Nursing and Health at the Fliedner Polytechnic. The project was funded by the Robert Bosch Foundation and carried out over two semesters.

The nutrition education initiatives described in the literature are rarely directly related to patients \[[@R34]\]. In the project described here, the university didactic method of research-oriented learning was applied to the actual field of care \[[@R35]\]. The implementation in the field requires an intensive, mutual exchange and seemed to be the best way for students to learn with each other, from each other and about each other \[[@R17]\]. The learning process is based on a research cycle (hypothesis -- research design -- implementation -- evaluation -- mediation -- application) \[[@R35]\] (see table 1 [(Tab. 1)](#T1){ref-type="fig"}).

#### Implementation of the Teaching and Learning Unit

In the summer semester 2017, *n*=18 nursing students and *n*=12 medical students participated in the course, in the winter semester 2017/18, *n*=13 nursing students and *n*=10 medical students. In the summer semester, an interprofessional group of 3 students was assigned to the selected internal medicine ward of the UKD, and in the winter semester two groups of 3 students each. The remaining students were assigned to an academic teaching hospital as well as in the out-patient sector, and not included in the present study.

After preparatory key note lectures and group work phases on the subject of nutrition, taking into account the different domain perspectives, the students examined the nutritional management of real patients in small interprofessional groups of 2-4 participants at an internal medicine ward of the UKD. Following an analysis of individual nutritional status and nutritional conditions of each patient using validated questionnaires, students were asked to develop individualized treatment plans.

At the end of the practical phase, the students reported their work results in a personal conversation with the professional teams of the ward. At the end of the teaching project, a final event was held each semester in which the students presented their research results, treatment plans, suggestions for optimizing nutrition management and reflections on the importance of interprofessional cooperation in a poster presentation. Decision makers of the involved institutions were also invited to the final presentation.

#### Evaluation of the Teaching and Learning Unit

Before and after the teaching and learning unit, the students conducted a voluntary evaluation. On a Likert scale of 1 (I totally agree) to 5 (I totally disagree), participants were asked to rate the importance and expectations of the effects of interprofessional collaboration. The evaluation questions were taken from the German-language version of the *University of the West of England's Interprofessional Questionnaire* (UWE-IP) \[[@R36]\].

### 2.2. Situation analysis of in-patient nutrition management

#### Screening for malnutrition with validated questionnaires

In order to record possible changes in nutritional management after the teaching unit was carried out, an analysis of the current state of nutritional management was first carried out at the internal medicine ward. To assess malnutrition, patients were assessed using two published and validated questionnaires. The *Mini Nutritional Assessment* (MNA) \[[@R37]\] and the *Grazer Malnutrition Screening* (GMS) were used \[[@R38]\], \[[@R39]\]. The survey was carried out exclusively by a person instructed for this purpose (doctoral student in human medicine). In order to avoid study-related behavioral changes of the personnel in the context of the survey, ward doctors and nursing staff was blinded during pre- and post-analysis. The ward in question was relocated to a different building between the two analysis phases, which was accompanied by a reduction in the number of beds (18 beds pre-, 14 beds post-intervention). The post-intervention survey was therefore conducted over four months in order to investigate comparably large cohorts.

#### Document analysis

In the event of a positive malnutrition test in at least one of the two questionnaires, the physician's patient file and the patient's medical records documenting nutritional management of both professions were analyzed by the doctoral student using a newly developed guideline (see attachment 1 ). For the preparation of the guideline, nutritionally relevant items were taken from the patient's medical records, the doctor's instructions, the ward round protocol, the nursing documentation sheet, the Complex Care Measures Score (PKMS), the form for taking patient history, and the nursing commentary sheet. The guideline was discussed and validated by an interprofessional team of nursing, health science, nursing education and physicians (diabetology and general practice). Before being used in practice, the guideline was independently applied to the patient records/files of three patients by two persons in the clinical setting. According to Altman \[[@R40]\], \[[@R41]\], there was a very high agreement in document analysis, Cohen\'s Κ=0.9, 95% confidence interval \[0.826; 0.966\]. The prerequisite for inclusion of the patients in the survey was a minimum existing in-patient stay of three days. Participation in the screening was voluntary for the patients. The consent was verbally requested by the investigator prior to the survey. However, there were problems with the use of the questionnaires in patients who were not lucid due to advanced dementia \[[@R25]\]. However, dementia is an important risk factor for malnutrition \[[@R31]\], \[[@R42]\]. In these cases, screening with the MNA was performed according to the authors' recommendations based on their own impressions \[[@R43]\]. For the GMS there are no recommendations for use in dementia on the part of the authors. Therefore, screening was omitted in this case.

### 2.3. Survey of the effects of the teaching and learning unit on nutrition management

After completing the teaching unit, patients were again screened for malnutrition with the above mentioned questionnaires and through document analysis. The survey of institutional consequences was carried out by questioning the teachers, hospital management, the head of the central kitchen of the UKD, the head of the dietary kitchen and the ward physicians and nurses of the ward in question.

### 2.4. Statistics

Statistics were calculated using IBM SPSS Statistics 24. For the comparison of the sum values an independent, two-sided t-test was carried out. To compare the frequency with which individual items were reported within the two survey periods, an exact Fisher test was used instead of a chi-square test because the expected cell frequency was \<5 in many cases. For the rejection of the null hypotheses, a significance level of p=0.05 was chosen.

3. Results
==========

3.1. Determined prevalence of malnutrition
------------------------------------------

The prevalence of malnutrition was comparable in the pre- and post-intervention cohorts (see table 2 [(Tab. 2)](#T2){ref-type="fig"}). To illustrate the comparability of the two cohorts, demographic data such as age and sex of the patients were collected. They are listed in attachment 2 .

### 3.2. Quantitative measurement results

Using the guide, the frequency of entries and information regarding nutrition management was collected in the interprofessional documentation of doctors and nursing staff. In the post-intervention cohort, significantly more information was found on nutritional management (*M*=9.3, *SD*=2.9, *SE*=0.3) than in the pre-intervention cohort (*M*=7.9, *SD*=3.1, *SE*=0.3; *t*(196)=-3.15, *p*=0,002, two-sided test).

A change in frequency was found in the data on "Thirst assessment" (*p*\<0.001) and "Appetite assessment" (*p*\<0.001). In contrast, 85% of the variables collected through using the interprofessional documentation guide on nutrition management did not change.

### 3.3. Institutional consequences of feedback from the first course (SoSe 2017)

At the time of the pre-intervention analysis, there was no routine screening of the nutritional status at the relevant internal medicine ward of the UKD. Through the summer semester student feedback, the attention of hospital management was raised regarding the topic of nutrition management and subsequently routine screening of the nutritional status of patients was introduced. It uses *Nutritional Risk Screening* (NRS 2002), which is recommended in the guidelines of the European Society of Clinical Nutrition and Metabolism (ESPEN) \[[@R44]\].

### 3.4. Institutional consequences of feedback from the second course (WiSe 2017/18)

There were also changes in the catering management supply structure. The distribution of meals and the clearing of the dishes is carried out on the wards of the UKD by service personnel. The students found that during an in-patient stay, it was not possible to get precise information on the eating habits of patients and therefore in the final presentation of the winter semester suggested the use pie charts. This would allow service personnel to record the amount of daily food intake of patients for each meal and to pass those assessments on to doctors and nursing staff. If necessary, supportive nutritional therapy could then be initiated immediately. On the basis of this student feedback, the clinic management called a meeting with the employees of diet counseling, the diet kitchen, kitchen management of the UKD, the head of service personnel as well as the nursing staff and doctors of the ward. The pie chart was implemented in February 2018. A modified form of published pie charts \[[@R45]\] was used for this purpose (see attachment 3 ).

### 3.5. Evaluation results of the students

From the evaluation of the students of both courses it can be seen that the students rate the interprofessional education and the consequences for the later professional cooperation positively (see table 3 [(Tab. 3)](#T3){ref-type="fig"}).

4. Discussion
=============

4.1. Quality improvement through inquiry-based learning
-------------------------------------------------------

The introduction of screening measures and the use of pie charts provided the impetus for direct quality improvement in the nutritional management of patients with malnutrition. This laid the foundation for improving patient safety. This is particularly important in the light of the fact that this impetus emanated mainly from the students as part of the teaching unit and that quality-oriented education and training units in the field of practice are said to play a key role in increasing patient safety \[[@R46]\].

The concept presented here goes beyond those previously presented, especially theoretically conceived teaching projects on quality improvement and patient safety \[[@R47]\]. By applying the method of research-oriented learning according to Wildt \[[@R35]\], the students had the opportunity to directly acquire and test interprofessional skills in the field of practice by analyzing patient cases from different specialist perspectives and developing an interprofessionally coordinated treatment concept.

### 4.2. Clinical relevance of the selected topic of the teaching and learning unit

The results of this study also highlight the relevance of malnutrition to quality of care and patient safety. The surveyed proportion of 59% of patients screened as malnourished is in line with the results of other studies indicating prevalence rates of 30-60% \[[@R25]\], \[[@R27]\], \[[@R28]\], \[[@R39]\]. Overall, it is clear that a significant proportion of hospitalized patients are at risk of malnutrition and at risk from the associated consequences \[[@R28]\], \[[@R30]\], \[[@R31]\], \[[@R32]\], \[[@R33]\]. Our data highlights the recommendation \[[@R27]\], \[[@R48]\] of routine screening for malnutrition within 48 hours of admittance to a ward. Future teaching units should therefore focus more on care-related issues and patient safety issues.

### 4.3. Sensitization of hospital management to institutional consequences

The development and implementation of the teaching project has made the hospital's management more aware of the issue of malnutrition and led to an interprofessional discussion on the quality of nutritional management and patient safety. In addition to the hospital management, senior physicians and ward doctors, the nursing staff of the ward concerned, nutritional counseling employees, the dietary kitchen, the management of the service staff and kitchen management of the UKD were also involved. The collegial atmosphere in which all parties worked together on equal terms was highly valued and emphasized positively by all the professional groups involved. This is seen as fundamental to the establishment of new interprofessional relations \[[@R13]\] and may lead to an improvement in interprofessional cooperation \[[@R12]\].

### 4.4. Factors influencing the quantitative results

However although there were increases in the medical documentation of the items thirst and appetite, it cannot be assumed that these are directly attributable to the student feedback. It cannot be ruled out that the observed differences are due to the different documentation behaviors of the ward's physicians.

The fact that no significant change could be detected in the other variables raised by the guideline (e.g. BMI, food and diet form) may be due to higher staffing variability in care as a result of the shift system. This can make communication more difficult between the professional groups involved \[[@R16]\]. Inadequate communication, lack of conscientiousness \[[@R12]\] and lack of time \[[@R39]\] make comprehensive interprofessional cooperation difficult.

In principle, it can be assumed that both the medical and nursing staff had little experience and knowledge of nutrition, malnutrition and nutrition management \[[@R28]\], \[[@R49]\]. In addition, a one-time feedback per semester by students is very likely insufficient. Repeated interprofessional reflection, e.g. during a ward meeting could lead to increased implementation, clarification of responsibilities amongst the various professional domains and thus to more effective interprofessional cooperation \[[@R50]\]. Following additional staff training on nutrition, greater effects on the quality of care could be expected \[[@R31]\]. Nutritional management which at that point would be interprofessional would then result in increased patient safety \[[@R9]\].

### 4.5. Limitations and weaknesses

The number of students involved in the project's two cycles was low. Only nine students of a total of 53 students were also active on the selected ward. Nevertheless, the effects of these students on patient care are very clear. As this was an elective for medical students, voluntary participation presupposes a pre-existing interest in interprofessional cooperation. This may have influenced the evaluation following the teaching and learning unit \[[@R51]\]. However, this does not apply to the nursing students, as their participation in the teaching unit was compulsory. The discrepancy of the participants in the comparison between pre- and post-evaluation (SoSe 2017 (30 students in total): pre: *n*=28, post: *n*=18) is most likely due to the voluntary nature of the evaluation.

MNA and GMS were used in this study in selecting the scores for screening the nutritional status of patients in the pre- and post-interventional survey. In addition to MNA, the guidelines of the ESPEN especially recommend NRS 2002 for use on wards. However, NRS 2002 seemed to be too imprecise to us. Therefore, in addition to MNA, GMS, which was only published in 2016 \[[@R39]\], was used. MNA was designed for patients aged 65 or above \[[@R43]\]. This also allowed us to examine younger patients and to diagnose malnutrition.

One of the project participants was also a member of the clinic in question and was involved in the interprofessional discussion of the screening to be introduced and the pie charts. In this respect, an influence on the results (Rosenthal effect) is possible. However, there were many other decision makers involved who were not part of the conflict of interest between the clinic and the teaching project. It is also conceivable that the institutional consequences might not necessarily have come from the student feedback but from the study itself (Hawthorne effect). However, without the initiation and implementation of the teaching project at the time, there would probably have been no sensitization to malnutrition. The impetus to carry out screening and the use of pie charts were first put in place by the students.

5. Conclusion
=============

Implementation of the teaching unit led to the derivation and implementation of measures that help to increase patient safety. The student feedback sensitized decision-makers to the issue of malnutrition. In the future, the use of pie charts as proposed by the students will allow estimation of the actual amount of a patient's food intake in a meal during their stay on the ward. By routinely screening the nutritional status, nutritional management is awarded new emphasis in patient care.
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